Electron nuclear double resonance signals of the pyrrole nitrogens of bacteriochlorophyll a cation in a solution of CH2CI2/CH3OH (6:1) have been observed. The nitrogens are inequivalent: the hyperfine coupling constants were determined to be 2.36 and 3.18 MHz (0.84 and 1.14 C, respectively In recent years much has been learned about the identity of the primary reactants in bacterial photosynthesis. It has been demonstrated (1-3) that the primary electron donor is a pair of bacteriochlorophyll (BChl) molecules, possibly linked by two water molecules (4-7), that the first acceptor is most probably a bacteriopheophytin (8-10), and that the secondary acceptor (formerly called primary acceptor) is an iron-ubiquinone complex (11) . It is clearly of prime importance to know the detailed electronic structure of the complex of reactants in order to understand the process of charge separation, which is the basis of photosynthesis. Electron nuclear double resonance (ENDOR) experiments at low temperatures (1-3) gave information about some of the hyperfine coupling constants of the cation of the in vivo primary donor. Similarly, liquid-state ENDOR experiments yielded seven of the proton hyperfine couplings of the monomeric BChl+ cation in organic solution. By inference, one may then calculate the corresponding spin densities for the dimeric primary donor. Conspicuously lacking, however, are direct data on the hyperfine coupling at the site of the four pyrrole nitrogen atoms. By comparing the linewidth of the BChl+ electron spin resonance (ESR) signal at X and Q bands for fully protonated and fully'deuterated BChl, McElroy et al. (12) electronic structure of the binding of Mg to the four pyrrole nitrogens is essential to our understanding of the role of Mg in the primary act of photosynthesis. Knowledge of the spin density on the nitrogens of the cation is an aid to such understanding and is important for use in refinements of quantum chemical calculations.
In recent years much has been learned about the identity of the primary reactants in bacterial photosynthesis. It has been demonstrated (1-3) that the primary electron donor is a pair of bacteriochlorophyll (BChl) molecules, possibly linked by two water molecules (4) (5) (6) (7) , that the first acceptor is most probably a bacteriopheophytin (8) (9) (10) , and that the secondary acceptor (formerly called primary acceptor) is an iron-ubiquinone complex (11) . It is clearly of prime importance to know the detailed electronic structure of the complex of reactants in order to understand the process of charge separation, which is the basis of photosynthesis. Electron nuclear double resonance (ENDOR) experiments at low temperatures (1-3) gave information about some of the hyperfine coupling constants of the cation of the in vivo primary donor. Similarly, liquid-state ENDOR experiments yielded seven of the proton hyperfine couplings of the monomeric BChl+ cation in organic solution. By inference, one may then calculate the corresponding spin densities for the dimeric primary donor. Conspicuously lacking, however, are direct data on the hyperfine coupling at the site of the four pyrrole nitrogen atoms. By comparing the linewidth of the BChl+ electron spin resonance (ESR) signal at X and Q bands for fully protonated and fully'deuterated BChl, McElroy et al. (12) estimated a value of 1.2 G for the average nitrogen hyperfine coupling aN. Fajer et al. (13) (14) (15) (17) . Knowledge of the detailed
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electronic structure of the binding of Mg to the four pyrrole nitrogens is essential to our understanding of the role of Mg in the primary act of photosynthesis. Knowledge of the spin density on the nitrogens of the cation is an aid to such understanding and is important for use in refinements of quantum chemical calculations.
In this communication we report accurate values of the hyperfine coupling of the pyrrole nitrogen in the BChl+ a molecule. We found that the N atoms are inequivalent. The measured hyperfine coupling values agree well with previous estimates (12, 13) . We also report on Triple proton ENDOR experiments. Accurate values and signs are given for the hyperfine couplings of the two methyl groups, the five ,B protons, and the three methine protons that have measurable hyperfine interaction with the unpaired electron. These data are a complement to, and a refinement of, the data presented by Borg et al. (18) in a recent communication.
EXPERIMENTAL
Bacteriochlorophyll a (BChl) was prepared from Rhodospirilium rubrum as described (12) . No contaminants were present, as checked by thin-layer chromatography and spectral analysis. From a stock solution of 0.7 mM in dimethylether, aliquots were taken and dried under reduced pressure of 50 nm Hg. Iodine was purified by sublimation and dissolved in CH2Cl2/CH3OH (6:1) carried out by irradiating one ENDOR transition with nonmodulated RF power and scanning through the other transition with a second frequency-modulated RF source. The theory of general Triple resonance has been given (19) . When a highfrequency ENDOR line vi+ is pumped, other high-frequency lines Pn1+ are enhanced if (sign a,) $ (sign an), and de-enhanced if (sign a,) = (sign an), in which al and an are the hyperfine coupling constants of nuclei contributing to the ENDOR transitions vI and v, respecitvely. The low-frequency part (relative to the free-precession frequency of the nuclei under consideration) of the ENDOR spectrum shows the inverse pattern. If the sign of al is known, Triple resonance experiments provide an unambiguous way to determine the sign of all other hyperfine coupling constants. The temperature at which the ENDOR and Triple experiments were performed was adjusted to optimal signal intensity by an AEG temperature controller. Due to the high sensitivity of the spectrometer, all ENDOR and triple spectra could be recorded by single scans. Fig. 1 shows the ENDOR spectrum at low frequencies. Two lines are clearly distinguished, at 2.2 and 2.6 MHz. The lines cannot be due to excitation of other (proton) transitions at higher frequencies because of possible harmonics of the scanning frequency since (i) the intensity of the lines was linearly dependent on RF power, and (ii) the frequencies of the proton lines are not simple multiples of 2.2 or 2.6 MHz.
RESULTS

Nitrogen ENDOR
The lines disappeared when the magnetic field was set 100 G off the ESR line, excluding system resonances as their cause. We conclude that the lines are genuine ENDOR transitions. They cannot be attributed to nuclei having a free precession 13 14 Triple resonance In Fig. 2 the high-frequency part of the proton ENDOR spectrum is displayed, together with a Triple resonance spectrum (25, 26) indicates that the largest of these splittings is due to the methyl on ring III. Lines 7,8, and 9 are most probably due to the four fl-protons of the hydrogenated pyrrole rings II and IV since these protons are exposed to large spin densities on the a-carbons (23, 26, 27) . The values reported by Borg et al. for these protons differ somewhat from our values. Since small variations in the dihedral angle 0 between the 2pz orbital of the a-carbon and the C,-C H,6plane cause large variations in the observed splittings, subtle changes in the position of the protons such as produced by different temperatures (28, 29) or solvation are probably responsible for these shifts. We have observed slight variations in line position in different samples.
We are left with four lines with low hyperfine splitting, which must be due to the three methine protons, to the methyl and methylene 'y-protons on ring II or to IV and the ,8-proton on C-10. Turning now to the Triple resonance experiment, we see that only the signs of a2 and al are opposite to that of a9. Since A-protons have positive hyperfine coupling constants, a2 and al are thus determined to be negative, and all other hyperfine coupling constants are positive. This identifies line 2 as due to one or, in view of its intensity, probably two methine protons, and line 1 to (one of) the remaining methine protons. 7-Proton splittings are about one order of magnitude lower than f3-splittings, but in view of the large spin density on the a-carbons of rings II and IV, they can still be as much as 1.6 MHz.
The hyperfine interaction for aliphatic proton occurs largely through hyperconjugation, so that the sign of aH for the yprotons should be positive. We therefore tentatively assign line 3 to y-protons on rings II and IV. The splitting of line 4 seems to be too large for y-protons; we assign this line to the C-10 proton.
In the above assignment we have assumed that all carbons bear positive spin density. Our results seem to exclude the possibility that all methines bear negative spin density, as suggested by the quantum chemical calculations reported in ref. 23 . One may admit, however, that one of the methine carbons has negative spin density. Then one of the lines with low positive value of a, e.g., line 3, may belong to a methine proton. In that case, however, the anomalous intensity of line 2 in spectrum A of Fig. 2 remains unexplained, and either the C-10 proton or the set of y-protons is not represented. Carbon atom spin densities corresponding to the methyl groups and the (3- (12) , although one must bear in mind that the hyperfine constants of the ,8-protons are especially sensitive to geometric structure, which may be different in the protein-BChl complex of P-870, as noted by Borg et al. (18) . This makes it difficult to draw conclusions about the structure of the P-870 dimer, i.e., it does not appear feasible on the basis of ENDOR data to decide between the various proposed models for this dimer (4-7).
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